A lthough amyotrophic lateral sclerosis and progressive spinal muscular atrophy have been recognized to occur in association with human immunodeficiency virus infection, to our knowledge, brachial amyotrophic diplegia, a form of segmental motor neuron disease, has not been previously reported. Brachial amyotrophic diplegia results in severe lower motor neuron weakness and atrophy of the upper extremities in the absence of bulbar or lower extremity involvement, pyramidal features, bowel and bladder incontinence, and sensory loss. We describe a human immunodeficiency virus-seropositive man without severe immunosuppression or prior AIDS-defining illnesses who had brachial amyotrophic diplegia. This disorder may represent one end of a spectrum of motor neuron diseases occurring with this retrovirus infection.
Motor neuron disease associated with human immunodeficiency virus (HIV) infection was first reported in 1985, 1 4 years after the initial description of AIDS. Clinical patterns of HIV-associated motor neuron disease may mirror those of amyotrophic lateral sclerosis (ALS) [1] [2] [3] [4] [5] or progressive spinal muscular atrophy (PSMA). [6] [7] [8] [9] [10] [11] However, to our knowledge, a segmental form of PSMA referred to as brachial amyotrophic diplegia (BAD) has not been previously described in association with HIV infection. This disorder is a form of neurogenic "man-in-the-barrel" syndrome in which severe bilateral upper extremity weakness is unaccompanied by bulbar lower extremity or pyramidal abnormalities. 12 When associated with motor neuron disease, it has also been referred to as the flail arm syndrome 13 and the hanging arm syndrome. 14 BAD is classified as a form of segmental lower motor neuron disease. 15 While a similar clinical phenotype of bilateral upper extremity weakness may occur following cerebral, [16] [17] [18] [19] [20] [21] brainstem, [22] [23] [24] cervical spinal cord, [25] [26] [27] [28] or bilateral brachial plexus insult, 29, 30 these may be distinguished from BAD by clinical presentation and radiographic and electrophysiological studies. 12 Furthermore, the lack of involvement of bulbar and lower extremity muscles, the absence of pyramidal signs, and the long survival with this disorder distinguish it from ALS. 12, 15 We describe an HIV-seropositive man presenting with progressive upper extremity weakness that developed in the absence of a detectable viral load or any preceding AIDS-related complications.
REPORT OF A CASE
This 35-year-old man was first aware of a slowly progressive weakness of the right shoulder in June 2000 when he noted difficulty lifting heavy objects above his head with his right arm. The symptoms in his right arm progressed, and by June 2001, a similar weakness had developed in the left shoulder. Weakness and wasting were progressive in both upper extremities and in his chest muscles in the ensuing months. He denied speech or swallowing difficulties, leg weakness, sphincter distur-bances, fasciculations, or stiffness. He reported rare mild cramps in his right medial plantar muscles.
In February 2001, laboratory testing revealed that he was HIV seropositive by enzyme-linked immunosorbent assay and Western blot analysis. At that time, his CD4 cell count was 244/µL and his HIV viral load was 8315 copies per milliliter. He started antiretroviral combination therapy, including zidovudine, lamivudine, and abacavir succinate (Trizivir) in August 2001, and by September 2001, his CD4 cell count was 377/µL and the HIV viral load was undetectable. His medical history was remarkable for diabetes mellitus diagnosed at the age of 14 years, which had been complicated by diabetic retinopathy requiring a right eye vitrectomy in 1998, diabetic peripheral neuropathy, and mild diabetic nephropathy with nonnephrotic proteinuria. The development of severe weakness of his upper extremities ultimately precluded self-injection of insulin, and an insulin pump was inserted. There was no family history of neuromuscular disorders.
A physical examination performed in April 2003 showed a slender man, weighing 55.8 kg. His cognition, language, and speech were normal. The result of a cranial nerve examination was normal. There was dramatic wasting of the muscles of the shoulder girdle and upper extremity and to a lesser extent the muscles of the forearms, hands, chest, and thorax ( Figure) . The scapulae were winged. Coarse fasciculations were observed in multiple muscles in the upper extremity and over the chest. His abdominal muscles were preserved. No spasticity was evident. Upper extremity strength was graded as trace in both deltoids, 2 of 5 in the right biceps and brachioradialis, 3 of 5 in the left biceps and brachioradialis, 4 of 5 in both triceps, and 4 of 5 at the wrist extensors and flexors, although the extensors were weaker. His interossei and other intrinsic hand muscles were mildly weak. Wasting in the lower extremities was confined to both extensor digitorum brevis muscles, greater on the left, which was associated with weakness of toe extension. Otherwise, strength in his lower extremities was preserved. Muscle stretch reflexes were graded as absent at the right biceps and brachioradialis, ϩ1 at the right triceps, trace at the left biceps and brachioradialis, ϩ1 at the left triceps, ϩ2 at both knee jerks, and trace at the ankles. There was no Hoffmann or Babinski sign, and his jaw jerk was normal. His gait was normal. Pinprick and temperature sensation were diminished to the lower third of the calves. Vibratory and position sense was diminished in a stocking distri-bution in the distal lower extremities, and the Romberg sign was positive.
The result of magnetic resonance imaging of the cervical spine was normal, with minimal degenerative changes of the spine. With the exception of a mildly increased creatine kinase level (3.86 ϫ 10 5 U/L), the results of hematologic and other laboratory studies, including erythrocyte sedimentation rate, rheumatoid factor, antinuclear antibody, tests for hereditary neuropathy with liability to pressure palsies, and antibodies to GM1 and myelin-associated glycoprotein, were negative or normal. The complete blood cell count revealed a hemoglobin level of 12.3 g/dL, a hematocrit of 36%, and a white blood cell count of 6500/µL, with a normal differential. The vitamin B 12 level was 528 pg/mL (390 pmol/L). Cerebrospinal fluid analysis showed 3/µL leukocytes, 0 erythrocytes, a glucose level of 115 mg/dL (6.38 mmol/L), a protein level of 5.5ϫ10 −2 g/dL, negative microbiological study results, including those for the VDRL test and cryptococcal antigen, normal cytologic test results, a normal IgG index, and 7 oligoclonal bands (attributed to HIV infection). Cerebrospinal fluid HIV viral assays were not performed. Electrophysiological studies performed on February 20, 2001, showed evidence of active and chronic denervation bilaterally of muscles innervated by C5 through the middle thoracic nerve roots by electromyography. The result of needle electromyography of the lower extremities was normal, with the exception of the observation of long-duration large-amplitude motor unit action potentials, fibrillation potentials, and mildly reduced recruitment in the muscles supplied by the superficial and deep peroneal nerves. Nerve conduction studies in the legs revealed sensory amplitudes all greater than 60% of the lower limit of normal for our laboratory, with preserved conduction velocities. Motor conductions were all greater than the 90th percentile of the lower limit of normal, with normal amplitudes. The changes overall were compatible with a mild to moderate distal sensorimotor polyneuropathy with predominantly axonal features. The findings on the nerve conduction study were complex and believed to be most consistent with diabetic peripheral neuropathy, a right peroneal neuropathy, and bilateral mild ulnar nerve entrapments at the elbow.
A trial of intravenous immunoglobulin was initiated in October 2003 without any improvement. Through January 2004, there was neither significant progression of his weakness nor development of any cranial nerve abnormalities or weakness, cramps, or fasciculations of the lower extremities. motor neurons. [1] [2] [3] [4] [5] Alternatively, progressive lower motor neuron disease affecting bulbar and extremity muscles may occur in the absence of upper motor neuron findings consistent with PSMA. [6] [7] [8] [9] [10] [11] Other disorders occurring with HIV infection that mimic motor neuron disease include chronic inflammatory polyradiculoneuropathy, 34 axonal motor polyradiculoneuropathy, 32 and multifocal motor neuropathy with anti-GM1 antibodies. 33 While progressive lower motor neuron weakness is seen with these disorders, the slow tempo of our patient's illness would be distinctly unusual for chronic inflammatory polyradiculoneuropathy and multifocal motor neuropathy, and its severity and distribution inconsistent with HIV-associated axonal motor polyradiculoneuropathy. Our patient had focal weakness of the right upper extremity that progressed to involve the left upper extremity during the ensuing year. The weakness and wasting have remained confined to a few myotomes of the cervical and upper thoracic region. There has been neither involvement of bulbar muscles nor progressive weakness of his lower extremities. The lower extremity findings of distal sensory loss, depressed ankle jerks, and distal wasting and weakness are the consequence of his concomitant diabetic peripheral neuropathy and mild entrapment neuropathies. Therefore, we believe that profound weakness and wasting of his upper extremities are consistent with BAD.
Diabetes may result in brachial and lumbosacral plexopathies, resulting in a disorder referred to as dia-betic radiculoplexus neuropathy (or diabetic amyotrophy) that may mimic the disorder observed in our patient. 35 This disorder, however, affects the lumbosacral plexus in most cases, and upper extremity involvement is uncommon. 36, 37 In addition, patients with brachial diabetic radiculoplexus neuropathy typically have unilateral weakness that progresses more rapidly than in our patient with preceding weight loss, severe pain, and sensory and autonomic abnormalities. 35 Because none of these features was present in our patient, we think this an unlikely cause of our patient's disorder.
Motor neuron disease occurring in association with HIV infection has been attributed to direct damage to the motor neurons by HIV, neurotoxic HIV viral proteins, cytokines and chemokines arising consequent to HIV infection, and opportunistic viruses that directly attack motor neurons. 32 The prototypical virally mediated motor neuron disease is poliomyelitis 36 ; however, it is clinically quite distinct from the inherited and idiopathic forms of motor neuron disease. Flaccid paralysis has been reported with various viruses in the Enterovirus genus. 36 Recently, French investigators have found the nucleic acid of enteric cytopathogenic human orphan virus, an enterovirus, in the neuronal cell bodies within the gray matter of the spinal cord of 88% of patients with ALS, suggesting a possible association between this enterovirus and ALS. 37 However, poliovirus and other enteroviruses, when associated with weakness, are typically characterized by an acute febrile illness followed by a flaccid paralysis of 1 or more limbs. 36 Whether HIV infection it- self or an accompanying, currently unrecognized, opportunistic infection is responsible for the motor neuron findings in HIV-infected persons with motor neuron disease or whether it is unrelated to HIV infection remains to be determined. Findings of reverse transcriptase, 38 antibodies directed to human retroviral antigens, 39 an association of human T-lymphotropic virus I with clinical and pathological features consistent with ALS, 40, 41 amplification of human T-lymphotropic virus tax/rex, 39 animal models of retrovirus-induced motor neuron disease, 42, 43 and the presence of PSMA and ALS in HIV infection suggest that HIV infection is causative or contributory.
While the pathogenesis of ALS remains a conundrum, several theories have been proposed. Among the possible mechanisms that are considered are neuronal excitation and free radical generation. 44 Both of these mechanisms have also been proposed as pathways to brain neuronal injury in the setting of HIV infection. 45 Mitochondria, through several mechanisms, have also been suggested as instrumental in ALS, as in other neurodegenerative disorders. 46 A critical role of the mitochondria in neuronal apoptosis has been suggested with neurotoxic HIV proteins, gp120, 47 and Tat. 48 Some investigators have also advanced a role for autoimmunity in ALS. 49, 50 Antineuronal antibodies have been demonstrated in HIV infection, and may correlate with the presence of dementia. 51, 52 Therefore, several proposed pathogenetic mechanisms for ALS may also be operative in HIV-associated central nervous system disease.
In conclusion, motor neuron disease occurs in association with HIV infection. The spectrum of HIVassociated motor neuron disease is broad and includes BAD, PSMA, and ALS. These disorders remain rare, and their underlying pathogenesis is uncertain. 
